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Outline	  
•  Inclusion	  of	  oceanic	  temperature	  diurnal	  variability	  
in	  NCEP	  GFS	  
•  Close	  to	  implementa.on	  

–  From	  SST	  to	  NSST	  (Near-‐Surface	  Sea	  Temperature)	  

–  Oceanic	  founda.on	  temperature	  analysis	  within	  the	  NCEP	  GFS	  	  
–  Air-‐sea	  interac.on	  	  

•  Inclusion	  of	  oceanic	  temperature	  diurnal	  variability	  
in	  NCEP	  CFS	  
•  Ideas	  and	  schemes	  for	  CFSv3	  

–  Oceanic	  diurnal	  varia.on	  is	  cri.cal	  in	  coupling	  
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What	  exactly	  is	  the	  Surface	  Sea	  Temperature?	  
	  	  	  	  (The	  hypotheGcal	  verGcal	  profile	  from	  GHRSST-‐PP)	  
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Observed	  NSST:	  FoundaGon	  temperature	  and	  diurnal	  variability	  
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Founda.on	  Temperature	  

•  It	  is	  named	  to	  indicate	  that	  from	  which	  the	  
growth	  of	  the	  diurnal	  thermocline	  develops	  each	  
day	  

•  It	  provides	  a	  connec.on	  with	  the	  historical	  “Bulk	  
Temperature”,	  considered	  as	  mixed	  layer	  
temperature.	  	  

•  It	  provides	  a	  more	  precise,	  well-‐defined	  quan.ty	  
than	  previously	  loosely	  defined	  bulk	  SST	  and	  
consequently,	  a	  beSer	  representa.on	  of	  the	  
mixed	  layer	  temperature	  

•  It	  is	  similar	  to	  a	  nighTme	  minimum	  or	  predawn	  
value	  at	  the	  depths	  of	  ~1-‐5	  m.	  
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What	  is	  NSST	  (Near-‐Surface	  Sea	  Temperature)?	  
	  NSST	  is	  a	  T-‐Profile	  just	  below	  the	  sea	  surface.	  	  
	  Here,	  only	  the	  ver.cal	  thermal	  structure	  due	  to	  diurnal	  thermocline	  layer	  warming	  
	  and	  thermal	  skin	  layer	  cooling	  is	  resolved	  

Assuming	  the	  linear	  profiles,	  then,	  5	  parameters	  are	  	  
enough	  to	  represent	  NSST:	  

Mixed	  Layer	  

Thermocline	  

z	  

Deeper	  

Ocean	  

Diurnal	  Warming	  Profile	  

Skin	  Layer	  Cooling	  Profile	  

z	  

z	  
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Oceanic T-Profile for NWP 

T-Profile in the skin layer: 

The lower thermal boundary condition for radiance simulation  

in atmospheric data assimilation 

Sea Surface Temperature: 

The lower thermal boundary condition for atmospheric forecasting model 



•  NSST	  model	  

•  Analysis	  variable	  selec.on/defini.on	  
•  The	  observa.on	  operators	  
•  Observa.on	  depths	  
•  Skin	  depth	  determina.on	  for	  instrument	  dependent	  lower	  

thermal	  boundary	  condi.ons	  in	  radiance	  simula.on	  

•  The	  use	  of	  more	  data	  sets	  
•  A	  new	  quality	  control	  for	  radiances	  
•  The	  coupling	  of	  NSST	  model	  and	  Atmospheric	  Forecas.ng	  Model	  

(AFM)	  in	  GFS	  
•  The	  cycling	  of	  analysis	  and	  forecas.ng	  
•  A	  scheme	  has	  been	  developed	  to	  combine	  NSST	  into	  the	  air-‐sea	  

coupled	  predic.on	  system	  such	  as	  NCEP	  CFS	  
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Features	   OperaGonal	  
SST	  analysis	  

Well-‐defined	  
Analysis	  variable	  

No	   Yes	   Yes	  

Analysis	  scheme	   Uni-‐variate	   Uni-‐variate	   Mul.-‐variate	  

Flexible	  Analysis	  
resolu.on	  

Yes	   Yes	   No/Yes	  

Mul.-‐Satellite	   No	   Yes	   Yes	  

Direct	  
Assimila.on	  

No	   No	   Yes	  

Obs.	  with	  diurnal	  
warming	  used	  

Yes	   No	   Yes	  

Diurnal	  variability	  
resolved	  

No	   Yes	   Yes	  

N/A	   No	   Yes	  

NSST	  model	  used	  
consistently	  

N/A	   No	   Yes	  

Coupled	  analysis	   N/A	   No	   Yes	  

CharacterisGcs	  in	  different	  SST	  analysis	  
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NSST       and NWP: GFS 

BG  

Radiative  
Transfer Model 

(CRTM) 

  : Observation operator (relate T-Profile to the radiance) 

Atmospheric 
Forecasting Model  

(AFM) 

FCST 

Atmospheric 
Analysis 

(GSI) 

ANAL 

NSST Model 
 (NSSTM) 

IC  

  : Jacobi (the sensitivity of the radiance to T-Profile)  
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NSST	  Impact	  on	  GFS	  Forecas.ng	  

Exps SST In FCST  In ANAL 

pre13c 

Pre13e 

The cycling run in T576 resolution for the period of (1)  May 12, 2010 to 
September 20, 2010. (2) November 12 to December 20, 2012. 

Atmospheric Forecasting Model: Q3F10 

GSI: July 2011 trunk 

The forecasting results for JJA 2010 are shown here: 92 16-day forecasting 
initiated from 00Z analysis of GDAS run  



NSST	  impact	  evalua.on	  
•  	  	  
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(N.Pole,	  N.Mid,	  Tropics,	  S.Mid,	  S.Pole,	  Global)	  
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(N.Pole,	  N.Mid,	  Tropics,	  S.Mid,	  S.Pole,	  Global)	  
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July,	  2010	  

July	  1,	  2010	  

July	  1-‐5,	  2010	  
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Diurnal Variability of SST in NSST 	  
July,	  2010	  

December	  11-‐20,	  2010	  

(N.Pole,	  N.Mid,	  Tropics,	  S.Mid,	  S.Pole,	  Global)	  



17	  Day-to-Day Variability of SST in NSST & Ctrl 	  

NSST	  

Ctrl	  

NSST	  -‐	  Ctrl	  

(N.Pole,	  N.Mid,	  Tropics,	  S.Mid,	  S.Pole,	  Global)	  
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N.Mid:	  

N.Mid.Pac:	  

N.Mid.Pac.Small:	  

Time	  series	  of	  SST/Tf	  in	  NSST	  &	  Ctrl.	  July	  2010.	  

NSST	  

NSST	  

Ctrl	  

Ctrl	  

SST	  in	  NSST	  

(bias,	  rms.	  nused,	  %	  of	  used)	  

(0.148,	  0.476,	  331300,	  89.23%)	  
(0.018,	  0.323,	  357059,	  96.17%)	  

(0.149,	  0.545,	  14678,	  87.03%)	  
(0.014,	  0.372,	  16538,	  98.06%)	  

N.Mid	  

N.Mid.Pac	  
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Global	  

(bias,	  rms,	  ndata)	  

More	  Gaussin	  
Beaer	  bias,	  rms	  
More	  used	  data	  
The	  same	  conclusion	  for	  
satellite	  surface	  
channels	  	  
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Mediterranean	  

(bias,	  rms,	  ndata)	  
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All	   Used	  

Quality	  Controls	  in	  NSST	  run	  Control	  vs	  NSST	   Mediterranean	  

Quality	  Controls	  in	  control	  run	  

SST	  error	  leads	  to	  a	  bad	  QC	  performance	  

NSST	  

Ctrl	  
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NSST	  

Hybrid	  

Impact	  signal	  
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NSST	  

Hybrid	  

Impact	  signal	  
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NSST	  

Hybrid	  

Impact	  signal	  



Conclusions	  of	  NSST	  impact	  on	  GFS	  

•  	  	  
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Coupled	  Data	  Assimila.on	  
•  	  	  
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Combination of NSST and OGCM in CFS 

•  	  	  

27	  



28 

NSST       and CFS 

BG  

Radiative  
Transfer Model 

(CRTM) 

  : Observation operator (relate T-Profile to the radiance) 

Atmospheric 
Forecasting Model  

(AFM) 

FCST 

Atmospheric 
Analysis 

(GSI) 

ANAL 

IC  

  : Jacobi (the sensitivity of the radiance to T-Profile)  

NSSTM                     

OGCM                      Analysis 
+

NSSTM                     
+
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Future	  &	  Poten.al	  Applica.ons	  

•  	  	  
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